Introduction
The finite-difference time-domain (FDTD) method is a second-order accurate method for solving Maxwell's equations. However, it is well known that using FDTD, significant errors can arise due to the staircasing of surfaces that are not precisely aligned with major grid planes. Various techniques have been proposed to reduce this error including noworthogonal meshing algorithms as well as locally conformal algorithms. The latter are based on a standard FDTD grid and require minimal alteration of existing FDTD codes. Their additional complexity lies solely in the geometxy generation and the calculation of edge lengths and cell areas. Mittra's group reported a technique and a preliminary mesh generator for this purpose [ 1, 21. In this paper, we present the formulation and validation of an alternative CAD-based mesh generator which may be more robust than that reported in [2] for arbitrruy 3-D PEC geometries. Our mesh generator is capable of importing 3-D geometries from AutoCad and ProE and modeling both scattering and resomting structures.
Dey-Mittra Locally Conformal Technique
Locally conformal FDTD methods alter the standard FDTD grid only where the structure geometry intersects the grid to permit partial edge lengths and areas. Elsewhere, the grid remains untouched. Locally conformal methods have been rigorously analyzed and have been shown to remain stable and to give superior results to the standard FDTD method [3] .
Unlike other locally conformal methods, the standard update equations for the Efields in the DeyMittra (D-FDTD) grid are unchanged [I] . Only the H-field updates are modified to reflect the intersection of the geometry. A typical update equation for an H-field component relies upon the area of the modified cell and edge lengths along the E-field components circulating about the H-field. In order to guarantee stability, DeyMittra imposed stability criteria based on the minimum grid face area and the maximum ratio of edge length to grid face area in the cell. If either criterion is violated, the E-fields along a face are set equal to zero.
A consequence of the locally conformal methodology is the tendency for energy leakage into a PEC region as a result of the partial edge lengths in the grid. In order to prevent this, an electric wall must be defined where the E-field values are identically set to zero Once the modified areas and edge lengths are determined and the electric wall is created, the DFDTD algorithm can be implemented easily by existing FDTD solvers. The inclusion of FDTD formulations such as radiation boundary conditions, totak field / scattered-field surfaces, near-to-far field transformations, and others may be used without alteration.
New CAD-Based Mesh Generator for D-FDTD
The difficulty in the DFDTD algorithm lies in the ability to create a reliable and versatile mesh generator which allows implementation of this method. The D FDTD mesh generator discussed in this paper is capable of importing 3-D PEC geometries from AutoCad and ProE and modeling both scattering and resonating structures. It is built on a finiteelement (FE) mesh generator, C U B 1 7 produced by Sandia National Laboratory, which produces a highly accurate, conformal nomorthogonal grid consisting of planar facets created to model the geometry. This mesh is imported into the DFDTD mesh generator where it is superimposed onto a Cartesian FDTD grid. The intersection points of the FE geometry with the FDTD grid are evaluated and the appropriate edge lengths and areas are modified.
Intersections of the faceted FE surface and the local FDTD grid cells must be carehlly considered in order to create a general-use mesh generator. Fig. 1 provides a sampling of some typical intersections that occur and ate accounted for in our mesh generator. This figure shows examples of intersections of the FE mesh with FDTD grid faces that demomtrate singly intersected edges, doubly intersected edges, and multiple doubIy intersected edges. Once the intersection points are calculated, it is necessary to determine the interior and exterior regions of the PEC based on whether the geometry is a resonator or scatterer. Evaluating this presents additional difficulties in some cases. For example, the pointwise intersection along the top edge of the bottom left face in Fig. 1 causes a problem since there is no distance between the intersection ofthe facets of the FE mesh along this FDTD edge.
Numerical Results and Applications
The accuracy of the CAD-based DFDTD mesh generator has been determined via comparison with published results by Railton and Schneider for the resonant frequencies of cylindrical and spherical cavities [3] . Fig. 2 shows a comparison of the results from the new mesh generator for the spherical resonator. An accuracy comparable to that reported in this article was attained by the DFDTD mesh generator. Fig. 2 shows a visual of a cut through the spherical resonator produced by our own 3.D visualization code written in C++. It exhibits the electric wall surrounding the resonator. Internal to the sphere, FDTD edges that are intersected by the FE mesh are drawn to show their partial edge lengths and subsequently modified areas. The second example of the accuracy of the new DFDTD mesh generator involves determining the resonant frequency of a cavity comprised of a twisted waveguide of elliptical cross-section. Fig. 3 shows the geometry of this resonator as well as a comparison of the error in the calculated resonant frequency of the D-FDTD model vs. the staircased FDTD model. Here the benchmark solution is taken to be a highly resolved finitselement method calculation ming Ansoft HFSS. We see that the DFDTD model yields an error at 8 grid cells per wavelength that is comparable to that obtained using the conventional staircased algorithm at 32 grid cells per wavelength. 
